The quark propagator in presence of an arbitrary gluon field is calculated 
Except the formal expression of S(x, y; A), an expansion for S(x, y; A) in terms of local gluon field A is expected and plays a key role in its applications. Note bilocal transformation law (2) prohibit the naive expansion n C n (x−y)O n [A(x)] for S(x, y; A) with C n (x−y) be gluon field independent coefficient and O n [A(x)] local operator depending on gluon field A µ (x), since it is impossible for local operator O n [A(x)] transform bilocally. We will set up a modified expansion by multiply naive expansion a local A µ (x) dependent "face factor" a[x − y; A( 
which will match the transformation law (2) . Then (1) imply we can expand physical quark propagator as,
which can be treated as a gauge covariant modified operator product expansion for quark propagator.
In literature, the most simple approximation for the expansion of S(x, y; A) is based on the perturbation expansion
the expansion can be calculated up to arbitrary orders. The result can be directly expressed in terms of powers of gluon field and its differentials, but to any fixed order of calculation, the gauge covariance is violated. Another is so called static approximation proposed by Brown, Weisberger [1] and Eichten, Feinberg [2] . By neglecting the spatial part of ∇ / , it leads
where the path in the integral is the straight line from y to x, and the path ordering is A 0 (x) to the left, · · ·, A 0 (y) to the right. The neglect spatial term can be subsequently be taken into account as perturbation [3] . This formalism keeps the gauge covariance of the propagator, but Lorentz covariance is lost, it even does not coincide with the exact propagator in the trivial case of vanishing gluon field. Recently, D.Gromes reinvestigate the problem [4] . He, in terms of path ordered exponentials, write the first order perturbation theory as non-perturbative expression which has correct behavior under Lorentz and gauge transformation. His result is only at the lowest order, existence of path ordered exponentials make the expression very complex and cause the problem of path dependence. It is purpose of present work to invent another path independent calculation formalism which can keep the advantages of different formalisms mentioned above,
• The expansion can be calculated up to arbitrary orders.
• The result can be directly expressed in terms of powers of gluon field and its differentials and it coincide with the exact propagator in the trivial case of vanishing gluon field.
• The result is gauge and Lorentz transformation covariant.
• There is no path dependence of the result.
We start by write quark propagator as
where
The next step is to calculate matrix element x|(i∇ / + m)(E − ∇ 2 − m 2 ) −1 |y which in momentum space can be written as
Conventionally, directly perform Taylor expansion over operator ∇ µ x and E(x) will leads the result. The gauge covariance in this calculation program is not obvious, since operator ∇ µ x , once acting on the final unity 1, gives −igA µ (x) which is not gauge covariant quantity.
Only if ∇ x , E(x)], the gauge covariance is explicit realized. We need a formalism to explicitly exhibit this gauge covariance.
where we have used relation
with F function and (AdA) n operation introduced in Ref. [5] are defined as
(9) can be written as
in whichF
We find all terms in (11) are gauge covariant. For convenient of expansion we assign the each ∇ 
where ∇ x commute with z. In last equality, we have dropped total momentum space derivative terms
) andẼ are all gauge transformation covariant quantities with ∂ ∂k dependent E be defined as,
(12) imply
withS[x − y; A(x)] be defined as
So the quark propagator in presence of gluon field is consists of two parts: one isS[x − y; A(x)] which can be seen as a generalized Fourior transformation of momentum space quark propagator in presence of local gluon field, another is a bilocal exponential "face factor" a[x − y; A(x)]. We now discuss them separately in detail.
x). (15) then tells usS[z;
A(x)] take the transformation rule,
To calculateS[x − y; A(x)], we can first expand its integrand in terms of powers of commutators of ∇ µ x , and denote I n (k, ∂ ∂k ; A) be n-th order of it, i.e.
with convention that ∂ ∂kν is always at r.h.s. of k ν . It is easy to find
which is just free quark propagator in momentum space. Further with help of (11) and (13),
Correspondingly we can writẽ
where we have used property
Combine (17) and (29) together, we find our result quark propagator (14) is gauge transformation covariant S(x, y; A) → V (x)S(x, y; A)V † (y) .
Similarly since the Lorentz covariance forS and a is explicit, our result propagator is explicit Lorentz covariant.
In 
